A systematic review and meta-analysis were conducted to evaluate the efficacy and safety of early prophylactic anticoagulation for the prevention of portal vein system thrombosis (PVST) after splenectomy. A systematic search of the PubMed, EMBASE, Springer and Cochrane Library databases was performed to identify studies comparing the outcomes in patients receiving or not receiving regular prophylactic anticoagulation after splenectomy. The quality of the included studies was assessed using the Jadad Score and the Newcastle-Ottawa Scale. Heterogeneity was evaluated using the χ 2 and I 2 tests. The parameters that were analyzed included the incidence of PVST and anticoagulation-associated complications. A total of seven studies qualified for the review, involving 383 and 283 patients receiving or not receiving regular prophylactic anticoagulation, respectively. The incidence of PVST was significantly reduced with an odds ratio (OR) of 0.31 [95% confidence interval (CI), 0.21-0.46; P<0.00001] in the regular prophylactic anticoagulation group compared with the control group. No difference in the incidence of anticoagulation-associated complications was identified between the two groups (OR= 0.60, 95% CI, P= 0.30). Early prophylactic anticoagulation was associated with a reduced incidence of PVST, although it was not associated with the incidence of anticoagulation-associated complications. These results indicate that prophylactic anticoagulation could be safely administered after splenectomy, even to cirrhotic patients.
Introduction
Portal vein system thrombosis (PVST) refers to the blood clots in portal vein, splenic and superior mesenteric veins or intrahepatic portal vein branches, as they form an interactive vascular system without valves (1) . The clinical manifestations of PVST include asymptomatic to symptomatic fever, abdominal pain, nausea, vomiting and ileus (2) . If not treated appropriately and in a timely fashion, PVST is potentially fatal by further increasing portal vein pressure and deteriorating liver function, which may increase the risk of upper gastrointestinal bleeding, hepatic coma or even fatal intestinal necrosis (3) . With the introduction of advanced image devices, increasing numbers of studies have shown that the incidence of PVST secondary to splenectomy is significantly higher than previously reported (4) . The majority of previous studies of PVST have predominantly focused on splenectomy to treat hematologic and metabolic disorders (5) (6) (7) . A previous study found that cirrhotic patients also have a high risk of developing PVST after splenectomy, despite thrombocytopenia and a prolonged prothrombin time (8) . Therefore, early prevention of PVST is considered to be important for avoiding adverse consequence in these patients. However, the role of early prophylactic anticoagulation in preventing PVST remains controversial, due to concerns regarding the risk of inducing bleeding, particularly in cirrhotic patients (9) . By contrast, previous studies demonstrated that both pro-and anticoagulation elements were concomitantly reduced in liver cirrhosis, and an intricate balance of coagulation was thereby maintained (10, 11) . Under such circumstances, the occurrence of bleeding in cirrhotic patients was primarily due to the severity of portal pressure, endothelial dysfunction and bacterial infections, but not the disturbed hemostasis (12) . Accordingly, the prophylactic application of anticoagulation might be theoretically feasible for patients subsequent to splenectomy, including cirrhotic patients. There are previous studies that have identified that prophylactic anticoagulation therapy effectively prevents PVST after splenectomy. However, no standard regimen for PSVT prophylaxis has been developed and, to the best of our knowledge, there have been no systematic evaluations of the efficacy and safety of Early prophylactic anticoagulation for portal vein system thrombosis after splenectomy: A systematic review and meta-analysis early prophylactic anticoagulation for the prevention of PVST following splenectomy. Therefore, a systematic review and meta-analysis of the available studies was conducted. The impact of prophylactic anticoagulation on rates of PVST and anticoagulation-associated complications following splenectomy was assessed. These data may enable clinicians to establish effective methods to avoid this potential, lethal complication. Selection criteria. Studies reporting the outcome of prophylactic anticoagulation for the prevention of PVST subsequent to splenectomy were potentially eligible. The exclusion criteria were as follows: i) Duplicates; ii) review articles; iii) Case reports; iv) animal studies; v) studies in which PVST developed in malignant patients; and vi) studies not associated with the topics of interest.
Materials and methods

Data
Data extraction. The data extracted include: The first author, publication year, institution, study design, study period, study population, type of surgery, number of patients receiving or not receiving prophylactic anticoagulation, anticoagulation regimen (type of anticoagulants, dose of anticoagulants and duration of treatment), number of patients developing or not developing PVST and number of patients developing complications associated with anticoagulation.
Quality assessment. Two investigators independently read the titles and abstracts of potential studies, then read the full texts to identify eligible studies. The methodological quality of each randomized controlled trial (RCT) was assessed according to the Jadad score (13), including the following there aspects: Randomization, double blinding, and withdrawals and dropouts. Total scores of 0-2 were considered low quality, whereas studies with total scores ≥3 were defined as high quality. For each non-randomized study, the Newcastle-Ottawa Scale (NOS) (14) was used for quality assessment. A star system was used in which each study is judged on three broad perspectives: Selection, comparability and exposure for case-control studies. Studies with total stars ≥7 were defined as high quality, 4-6 as medium and ≤4 as low for quality (15) .
Statistical analysis. The meta-analysis was performed using the statistical software RevMan 5.1 (The Cochrane Collaboration, http://tech.cochrane.org/revman). Pooled odds ratios (ORs) with 95% confidence interval (CI) were used as the effect indicator for the dichotomous variables. P<0.05 was considered to indicate a statistically significant difference between the two groups. Heterogeneity in all of the included studies was evaluated by χ 2 and I 2 statistical tests. A random effects model was adopted when P<0.05 or I 2 >50%. Otherwise, the fixed-effect model was used. Taking into account the presence of non-randomized controlled trials (RCTs), a sensitivity analysis was performed to compare the incidence of PVST formation and anticoagulation-associated complications between patients receiving and not receiving prophylactic anticoagulation. A funnel plot was designed to establish the existence of publication bias.
Results
Search results and included studies. Overall, 1,099 potentially relevant articles were retrieved according to the search strategy. Among these, 118 were excluded due to duplication and 971 were excluded after reading the title and abstract. Thus, 10 studies were potentially eligible for this systematic review ( Fig. 1) . However, three studies were further excluded due to insufficient clinical data (lacking non-anticoagulation controls). Finally, seven studies were included in this review involving 383 and 283 patients with and without regular prophylactic anticoagulation, respectively (16) (17) (18) (19) (20) (21) (22) (Table I ). Although two of the studies (16, 19) are from a single institution, they are not duplicates.
Of these seven studies, four were prospective, including one RCT, and three were retrospective studies. The years of publication spanned from 2006 to 2015. The included studies were conducted in four countries: Three in Japan, two in China, one in the Canada and one in Sweden. None of the seven studies was considered low quality and the study characteristics are presented in Table I .
Outcomes. All seven studies reported the incidence of PVST (16) (17) (18) (19) (20) (21) (22) (Table II) . PVST was diagnosed by Doppler ultrasonography (US) in three studies and by Doppler US and contrast-enhanced CT in the other four studies. The fixed-effects model was adopted, as the heterogeneity analysis had not shown a significant difference. The incidence of PVST was found to be significantly reduced in the prophylactic anticoagulation group compared with the no prophylactic therapy/irregular anticoagulation group (OR= 0.31, 95% CI, 0.21-0.46; P<0.00001) (Fig. 2) . Due to heterogeneity in the study design, sensitivity analyses were conducted using the four prospective studies and the three retrospective studies. Evaluating the four prospective studies (14, 15, 17, 20) , an anticoagulation effect was also found, with an OR of 0.21 (95% CI, 0.08-0.52; P= 0.0008) and no heterogeneity (χ 2 = 4.53, P= 0.21, I 2 =34%) with the fixed effect model. For the three retrospective studies (18, 20, 21) , heterogeneity was identified (χ 2 = 4.65, P= 0.10, I 2 =57%), thus a random effects model was adopted and the anticoagulation effect was also found, with an OR of 0.34 (95% CI, 0.14-0.82; P=0.02).
Sensitivity analyses were performed according to the type of study population. In the subgroup analysis of two studies predominantly including the patients with hematological diseases (17, 20) , the incidence of PVST was not significantly different between the prophylactic anticoagulation group and the control group with an OR of 3.27 (95% CI, 0.36-29.57; P= 0.29) and no heterogeneity (χ 2 = 0.00, P= 0.95, I 2 = 0%)
with the fixed-effect model. In the subgroup analysis of five studies including cirrhotic patients with hypersplenism, no heterogeneity was identified (χ 2 =5.32, P=0.26, I 2 =25%), thus a fixed-effect model was adopted and an anticoagulation effect was identified, with an OR of 0.28 (95% CI, 0.19-0.41; P<0.00001) (Fig. 3) . Among the seven studies, five provided the data regarding the incidence of anticoagulation-associated complications (Table II) . During the anticoagulant therapy, complications were observed in three studies (17, 18, 20) , while no bleeding complications and hepatic damage were observed in the other two (16, 19) . There was no heterogeneity (χ 2 =1.60, P= 0.45, I 2 = 0%) and a fixed-effect model was therefore adopted. The meta-analysis showed that the incidence of anticoagulation-associated complications was not significantly different between the prophylactic anticoagulation group and the no prophylactic therapy/irregular anticoagulation group (OR= 0.60, 95% CI, 0.23-1.56; P= 0.30) (Fig. 4) . Due to heterogeneity in study design, sensitivity analyses were conducted. Again, the complication rates were not identified to be significantly different between the two groups using either prospective studies or retrospective studies (data not shown).
Publication bias. Given the limited number of studies (n=7) in the current meta-analysis, no formal steps were taken, such as Egger's test, to determine publication bias.
Discussion
The reported incidence of PVST subsequent to splenectomy differs markedly, ranging from 0.36% (4) to 80% (23) . There are various potential reasons for the inconsistency: i) The lack of typical symptoms in a large majority of PVST patients (24) results in diagnostic difficulties; ii) the detection rate of PVST differs depending on the examination methods (25); iii) the reported incidence of PVST varies greatly between different types of study. Previous studies, predominantly retrospective studies, may inaccurately report the incidence of PVST. By contrast, a number of prospective studies have reported a relatively higher incidence of PVST following splenectomy (24-26); iv) the incidence of PVST is also associated with the time and frequency of postoperative examinations; v) underlying diseases are also an important factor affecting the incidence. Patients with hematological diseases have relatively higher risk of PVST formation (25) , whereas the risk is minimal for autoimmune disease and traumatic splenectomy (26, 27) .
The detailed mechanisms for the formation of PVST following splenectomy remain unclear. However, it is generally hypothesized to be associated with local hypercoagulability occurring in the portal vein system subsequent to surgery, which may be attributed to soaring count and augmented aggregation competence of platelets post-surgery (28) . Hemodynamic changes of the portal venous system may be another important reason for the formation of PVST. In the splenic vein stump induced by ligation (25) , blood turbulence or stasis results in the deposition of blood cellular elements, which leads to the development of splenic vein thrombosis and subsequently, the development of portal and superior mesenteric vein thrombosis (2) . In addition, operative manipulation, which may lead to serious damage of vascular endothelial cells and trigger the coagulation system (3), and irrational use of coagulants (29) also contributes to the development of PVST.
Although the prophylaxis of pulmonary embolism and deep vein thrombosis has been relatively well established, the prophylaxis of PVST following splenectomy remains Table I . Continued. controversial. The primary concern is that prophylactic anticoagulation may induce the anticoagulation-associated complications, typically associated with bleeding. Currently, the management of PVST following splenectomy is predominantly based on individual experience (30) and a number of pilot studies demonstrated the feasibility, safety, and efficacy of prophylactic anticoagulation with decreased incidence of PVST and low rates of bleeding complications when compared with controls (16) (17) (18) (19) (20) . However, due to the small number of cases in the individual studies, more results with adequate power are required to confirm these observations. Recently, two meta-analyses regarding the role of anticoagulation in PVST have been performed (31, 32) . However, one meta-analysis (31) focused on anticoagulation for the treatment of PVST, but not prevention of PVST. In the other meta-analysis (32), certain studies that were included may have been problematic: In the study by Ma et al (33) , the authors compared different anticoagulation methods (radix Salviae miliorrhazae plus alprostadil vsersus radix Salviae miliorrhazae plus aspirin), instead comparing anticoagulation with non-anticoagulation. In the study by Xue et al (34) , certain patients with high platelet counts in the control group also received anticoagulation. Therefore, it was considered necessary to perform the present meta-analysis comparing early prophylactic anticoagulation with no use of anticoagulation/irregular anticoagulation for the prevention of PVST following splenectomy, using the latest data.
According to the inclusion criteria, seven clinical studies were included in the present meta-analysis. In this meta-analysis, the incidence of PVST was identified to be significantly reduced in the prophylactic anticoagulation group when compared with a no prophylactic therapy/irregular anticoagulation group. In addition, the sensitivity analysis showed the same effect in the prospective and retrospective studies, respectively.
However, no significant difference was identified in the only RCT study (17) . One explanation may be that this RCT is an underpowered study due to the small sample size. Notably, the study population in this RCT was predominantly patients with hematological diseases (25/29; 86.21%). Therefore, sensitivity analyses were conducted according to the type of study population. The present results demonstrated that the use of anticoagulants did not affect the incidence of PVST subsequent to splenectomy in patients with hematological diseases. However, the implementation of prophylactic anticoagulation significantly reduced the incidence of PVST following splenectomy in cirrhotic patients with hypersplenis, which indicates that patients with hematological diseases may have a relatively lower risk of PVST formation compared with cirrhotic patients, and further multicenter clinical trials are required.
Another significant finding is that following surgery, the incidence of anticoagulation-associated complications was not significantly different between the prophylactic anticoagulation group and the no prophylactic therapy/irregular anticoagulation group. Wang et al (17) reported two patients, one in each group, experienced bleeding complications and the two patients were appropriately resuscitated. Anticoagulation was withheld temporarily in the patient in the anticoagulation group, and there were no long-term consequences. Lai et al (18) reported mild gastrointestinal bleeding in one patient in the anticoagulation group and in two in the control group. The anticoagulant therapy was terminated immediately and hemostatic agents were administered. Bleeding was successfully controlled and all patients recovered well. Hongwei et al (20) reported two cases of pancreatic leakage, three instances of subphrentic infection, and one case of surgical site bleeding in the anticoagulation group, whereas in the control group there were three, two and two cases, respectively. However, the authors did not describe methods to treat the complications. In the other four studies, no anticoagulation-associated complications were observed (16, 19) or there was no relevant data available (21, 22) . These results strengthened the confidence that prophylactic anticoagulation may be safely administered subsequent to splenectomy, even for cirrhotic patients.
There are potential limitations of the current meta-analysis, which may increase the possibility of publication bias and affect the final result. First, this meta-analysis contained only seven studies and the number of cases was limited for this particular subject. In addition, only one RCT was included in this meta-analysis and the other non-RCT studies may have resulted in the unbalanced selection of patients. Furthermore, the study population, study design, surgical procedure, and anticoagulation regimens were variable and the heterogeneities were correlated with the habits and preferences of individual institutions. Finally, whether the selection of patients diagnosed with liver cirrhosis were treated or not treated with anticoagulant therapy was influenced by other factors, including severity of liver disease, esophageal varices and previous bleeding.
In conclusion, this meta-analysis demonstrates that early prophylactic anticoagulation is associated with a reduced incidence of PVST following splenectomy and is not associated with the incidence of anticoagulation-associated complications. However, due to the limitations of this analysis, further large multicenter RCTs are required to confirm this conclusion.
